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Sir: 



1. We, Paul H. Gailus, Manuel Gabato, Kevin McCallum, and Jeff Wilhite are inventors 
of the present application and hereby make this declaration. 

2. The subject matter of Claims 1 , 2, 4-9, 1 1 , 13-1 8, 20 and 22 of the instant patent 
application stand subject to a rejection under 35 U.S.C. 102(e) as being anticipated by 
United States Patent No. 6,859,097 filed on May 14, 2001 entitled "Radio Frequency 
Feedback Amplifier circuits" to Chandler (Chandler patent). 

3. This declaration is submitted to establish the conception of the subject matter of the 
rejected claims prior to the effective date (May 14, 2001) of the Chandler patent coupled 
with due diligence from prior to said effective date to a subsequent filing of the instant 
application. 

4. The subject matter of the rejected claims was conceived in the United States or other 
provincial region permitted by the Rule (37 C.F.R. 131) before the effective date (i.e., 
May 1 4, 200 1 ) of the Chandler patent. 

5. The subject matter of the rejected claims was the subject of a written disclosure (ID 
No. 4766 H) prepared after conception, and that on July 10, 2000 the invention disclosure 
was submitted to a patent committee of Motorola Inc., the assignee of the instant patent 
application, for the purpose of documenting and evaluating invention disclosures for 
patent protection. The attached written invention disclosure, ID No. 4766 H, is a true 
copy of the original written invention disclosure on which the instant patent application is 
based. 



6. After submission of the written disclosure, Motorola, Inc. decided to pursue patent 
protection on the written disclosure and that thereafter, in due course; a patent application 
was prepared and filed in the United States Patent Office on August 20, 2001. 



7. Prior to May 14, 2001 to August 20, 2001, we exercised due diligence to prepare, 
review and file the patent specification and claims for the present application. 

8. All of the above statements made of our own knowledge are true and all statement 
made on information and belief are believed to be true, and further that these statements 
were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that willful false statements may jeopardize the validity of this 
application or any patent issuing thereon. 
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'3. What Is the problem(s) to be solved by the Invention or what is the need(s) forthe invention: " 

There is a new market demand for communication devices supporting multiple linear modulation schemes with varying band- 
widths. This requires a means for moving the pole and zero locations to change the closed-loop frequency response of a linear- 
ized transmitter. An integrated circuit solution for enabling multi-bandwidth linearized transmitters is needed. 

4. What is the prior art, and why doesn't it resolve the problem® or fulfill the need{s): 

Prior art linear feedback transmitters have a fixed bandwidth which is established by external componentry. The bandwidth could 
be changed by switching in additional filter components but this is costly and the size of this solution would be unacceptable for 
portable radio units. 



5. What is the invention being disclosed? 

An integrated circuit solution with variable pole and zero locations that are used to modify the closed-loop frequency response of 
a linearized transmitter. This invention enables a cost effective, size efficient implementation of multiple bandwidth linear modu- 
lation radio units. 

6. Howdoesihfsitwe^ ^^^^g^r^^.^/^^^^^^^ 
This integrated circuit solution utilizes a single external pole capacitor and switchable integrated circuits to create an adjustable 
pole and amplifiers with variable gains to create an adjustable zero and loop bandwidth. This provides a solution without more 
external componentry than is already used and creates a linearized transmitter using Cartesian feedback that is capable of han- 
dling multiple bandwidth modulation schemes. 

7. Date of conception WtJK^B-— and if applicable, the date first built (or written) and successfully tested: 
. 8. Product® this invenUon may be used in: This invention could be used in any system that requires multiple closed-loop bandwidths. 



Date the first offer for sale was made for a product lncorponating this invention: 



10. Date the first disclosure of this invention was made outside Motorola without a nondisclosure agreement: 
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14. What is the business impact of having a patent on this invention, for Motorola andfor competition: 

This invention could enable Motorola to be first in the marketplace with a SINGLE communications device capable of 
multiple bandwidth modulation schemes. 



15. BcDandeddesmption; list any additional *tan S youfeelv^ldbehetpfuIindescribirigtheiRveiTUon: 
Please see attachments. 



1 6. Additional details concerning the prior art related to this invention: 



Attach any backup documents or provide any other information you feel would be helpful in determining the desirability of obtain- 
ing a patent on this invention. Any attachments that are critical to the disclosure of the invention should be witnessed 
Please see attachments. 
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• Introduction ' , v ' 



in a communication system, it is often desirable to minimize the amount of power that is spread outside of a specified channe 
bandwidth to minimize interfering with a user in an adjacent channel. With digital modulation schemes becoming more and more 
prevalent due to their more efficient use of bandwidth, it is necessary to use linear transmitter Motorola, Inc. developed e ■ 
method of linearizing a transmitter using Cartesian feedback and used it in their iDEN products for Nextel Communications Inc 
As a result, an interest developed within Motorola to use this transmitter In several upcoming products including narrowband and : 
wideband offerings for CGISS. Because the original linearized transmitter was designed specifically for iDEN and was not suit- 
able for the proposed bandwidths and modulation schemes, a method of changing the closed-loop frequency response of the ' 
transmitter which minimized the need of additional external components and circuits was needed. This solution would provide i - 
Motorola With a drop-in replacement of the current linear transmitter and enable a single radio platform that is capable of utilizino 
multiple bandwidths and modulation schemes. ;'■ 

The current linear transmitter has 2 fixed poles and 1 fixed zero and is designed for a linear modulation scheme that occupies a 
25kHz bandwidth. This invention proposes modifying the current linear transmitter with circuitry that provides 1 fixed pole an 
adjustable gain, 1 adjustable pole and 1 adjustable zero. 

Prior Art: Fixed Poles and 7emex j 
The current implementation of cartesian feedback in the iDEN system utilizes a loop response consisting of two poles and one I 
zero. The system utilizes one dominant pole in the integrator following the summing junction which sets the desired loop gain at ! 
a single operating frequency. In order to reduce the closed loop transmitted noise beyond this operating frequency, a second ' 
pole is placed at the desired loop bandwidth. This pole adds additional attenuation of noise beyond the loop bandwidth The sec- 
ond pole also adds additional phase shift in the loop which could cause loop instability. This excess phase shift is countered by 
the addition of a zero in the loop response {see section on Adjustable Zero). The actual implementation of the poles in the carte- 
sian is loop is done by external capacitors connected to pins on the linearizing IC (TRANLIN, ODCT, LNODCT) The large val- 
ues of these capacitors make them unsuitable for integration. In order to allow multiple operatinn 'bandwidths a™ 
linearizing IC's available today, the values of these external capacitors would naad tn be externally modified via switohinr, Thfe 



would result »n the need to provide external switchi ng circ uits and a ddi tional capacitor Imnlampntativin rrf an adinsfahlg p nfa 
zero circuit which can be integrated and that does not add anv a dditional pins or components to the linearfeinn \C 



Ail circuitry with trifa exception of Cpole 
is internal. ' * 



P2 is set by the external capacitor jCpole pics the 
internal emitter resistance added to the on resistance 
of the diode connected npn. Optimal position for P2 is 
determined by the modulation bandwidth. For this 
configuration P2 is optimum for only one modulation 




Figure 1 Prior Art 

Consider the circuit shown in Figure 1. This figure shows the pole /zero implementation as it exists today in the linearizing IC 
Capacitor Cpole is set for the desired loop bandwidth and the series resistor sets the zero position required for stability. Ifs effect 
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on the loop response is also shown ih'figurel . It fs obvious from the loop responselhat the value of Cpole is only, optimal at one 
loop bandwidth. Also, the pole setting resistor value is highly constrained by its effect on DC operating point and signal gain 
Therefore, moving the pole frequency requires changing the external capacitor value. The physical placement of the zero at the ! 
end of the circuit lineup limits the rolloff of noise by the pole from previous circuitry. 

New Invention: Adjustable I nop Bandwidth 

Rgure2 shows a circuit which allows for Cpole to be optimum at several loop bandwidths using the same external capacitor. The ; 
desired bandwidth is selected by internal programming of the linearizing IC which selects from a group of internal resistors 
which combined with a single external Cpole sets the desired position of P2. The circuit uses active feedback with FET based 
current mirrors to allow selection of a wide range of resistor values while maintaining a high degree of linearity and low noise 
Also, the pole setting resistor choice has no effect on the DC operating point or gain. The zerafemoved to an earlier stage in the ' 
lineup to .allow the pole to provide full attenuation of the wideband noise contributed up to this poinL 

DC Gain, LP2 and Zero can be programmed I 
to a range of frequencies to optimize loop j 
response for a given modulation bandwidth, j 
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In circuit theory, a first order low-passrfilter provides.-20dB/decade roll-off in the .frequency response as shown by Figure 3 



Stew Rate Limlter Frequency Response 




10M 10G 



Figure 3 Single Pole Frequency Response 
The purpose of adding a zero fs to provide a +20dB/decade rise in the frequency response to cancel the -20dB/decade 
response of the pole and add positive phase compensation to help stabilize a closed-loop feedback system, in theory, an active 
circurt can be used after a low-pass filter to create the desired magnitude and phase response of a zero. This fs done bv sunv 
mmg the original signal with a low-pass filtered version of the original signal, if the output of the active circuit is low enough the 
single pole response dominates the output at low frequencies. As the frequency increases beyond the low-pass corner'fre- 
quency the angle pole's dominance begins to decrease and the active circuit's dominance begins to increase. At increasingly 
higher frequencies, the active circuit dominates the output. Because of the constant gain of the active circuit the freauencv 
response of the system resembles that of a pole-zero network. 

To prove the theory of the active zero circuit, a model using ideal, variable gain voltage sources was created. Figure 4 shows the 
idealized model of the active zero circuit. The upper signal path is the first order low-pass filtered path. This provides the -20dB/ 
de^ frequency response. The corner frequency was set around 100 Hz. The lower signal path is the active zero circuit 
Notice that the tower signal path just passes the input signal of the low-pass filtered path. The outputs of those 2 paths are 
summed together. If zero compensation is desired, then the lower path Is enabled. If the lower signal path is disabled the origi- 
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. nal first order low-pass frequency response is preserved. 
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Figure 4 Idealized Model of the Active Zero Circuit 

Figure 5 shows the single pole frequency response with the active zero circuit enabled. Zero compensation can be observed by 
the addition of +45 degrees to the phase response and the cancellation of the -20/decade rolloff at approximately 10 MHz in the 
magnitude response. Thus, the active zero circuit does what the theory describes and provides zero compensation to the overall 
frequency response. 




Figure 5 Active Zero Compensation 
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If the gain of the active zero circuitVmcreased, the frequency at which it dominates the output decreases. If the gain of the i 
active zero circuit is decreased, the frequency at which it dominates the output increases. Thus, the theory behind adjustable i 
zero compensation is that we can change the zero location by adjusting the gain of the active zero circuit. 

Figure 6 is a schematic of a semi-ideal model of the slew rate limiter in the Offset Direct Conversion Transmitter (ODCT) IC : 
which is the original linearized transmitter IC with the active zero circuitry. The slew rate limiter was chosen because it is the cir- 
cuit that will be modified to accommodate the.acUye.zerp circuit. A differential amplifier receives the differential input signals The 
output of the differential amplifier is buffered and then filtered. One pair of buffer amplifiers is used to simulate the slew rate iim- 
iter's single-pole response and the second pair of buffer amplifiers is used to simulate the active zero circuit. The 2 signals are 
summed using the collector currents of 2 differential amplifiers. The gains of the amplifiers that are used to sum the 2 signals are 
determined by setting the tail currents of each of the differential amplifiers 




^ 3? 4" 

Figure 6 Semi-Ideal Model of the Slew Rate Limiter 

Figure 7 shows the frequency response of the semi-idea! slew rate limiter with the active zero circuit disabled. As expected, the 
frequency response is the first order |ow-pass frequency response of the slew rate limiter. 

Slew Rote Limiter Frequency Response 




Figure? Uncompensated Slew Rate Limiter 

Figure 8 shows the slew rate limited frequency response with active zero circuit enable. Note the addition of +45 degrees of 
phase compensation and the f lattening of the magnitude response curve between 10 kHz & 100 kHz which are characteristics of 
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Slew Rote Limiter Frequency Response 




FigureS Compensated Slew Rate Limiter 

Figure 9 shows that maintaining the same tail current ratios but increasing the individual tail currents of the summing amplifiers 
can change the frequency response of the slew rate limiter. 

Slew Rate Limiter Frequency Response 
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Figure 9 Compensated Slew Rate Limiter 



These simulation results prove that active zero compensation with real devices is possible. - 

Closed-Loo p Frequency Compensation 

The adjustable pole when used in conjunction with the active zero circuit creates a single, drop-in solution to the current ODCT 
IC that enables a single radio platform which is capable of utilizing multiple bandwidth linear modulation schemes with a mini- 
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■raum of additional external component^ 




